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Abstrak untuk penyelldlkan anda 
(Pertu dlsedlakan di antara 100-200 perkataan d1 dalam Bahasa Malaysia dan Bahasa lnggeris. lni 
kemudlannya akan dlmuatkan ke dalam Laporan Tahunan Sahagian Penyelldlkan & lnovasl sebagal 
satu cara untuk menyampalkan dapatan projek tuan/puan kepada pihak Unlversftl & luar). 
Abatract of Resealch 
(Must be prepared In 100- 200 words In Bahasa Malaysia ss well as In EngUsh. 11r/s abstract wiB later 
be ilclutiBd fn the Annual Repotf of the Resean:h end lnnovst/on Section as a means of presenting the 
proj9ct findings of the 18S9archerls to the universly snd the outside community) 
Obturation in root canal treatment consists of placing an inert filling material in the space previously 
occupied by pulp tissue.Gutta-percha is used with various techniques for obturation of the root 
canal system, and If combine-with lateral condensation remain the most widely accepted and used 
obturation technique.The most common cause of failure Involving endodontic treatment can be 
attributed to the lack of an apical seal leading to leakage at the apex. Hydroxyapatite (HA) is the 
most thermodynamically synthetic calcium phosphate ceramic, and has indicated useful as a sealer 
because can seal a furcation perforation, Is shown to be biocompatible and also has potential to 
promote the healing of bone In endodontic therapy. The objective of this study is to detennlne the 
sealing ability of HA produced by School of Engineering, Unlversiti Sains Malaysia (USM) when 
used as a sealer in root canal obturation. compare with Tubll-seal ( Zinc-Oxide base ) and Sealapax 
( Caldum Hydroxyde base ) sealers. ~ 
Forty five single rooted human extracted anterior teeth were instrumented and randomly divided 
Into three experimental groups of 15 teeth each. All teeth in the experimental groups were 
obturated with later$11y condensed gutta percha technique. Teeth In the first group were sealed 
using Zinc-Oxide (ZnO) based sealer and those of second group using Calcium Hydroxide (CaOH) 
based root canal sealer. Third experimental group was sealed using HA from School of 
Engineering,USM. Teeth were then suspended in 2% methylene blue. After this, teeth were 
demineralized dehydrated and cleared. Linear dye penetration was detennined under magnifying 
tense with calibrated eye piece. 
Statistical analyses of the linear dye pene~tion were performed with Kruskal Wallis test. hJ for the 
Inter group comparison between HA and ZnO groups and between HA and C&OH groups were 
analysed by Mann-Whitney test. 
The resuHs showed that dye penetration for group which were sealed with HA exhibited the lowest 
penetration and It showed that there was a statistically significant difference both between HA and 
ZnO groups and also between HA and CaOH groups (p<0.001). 
We conclude that value added HA based endodontic material which were produced by USM can be 
used as a root canal sealing materials when It used In combination with epoxy resin since it leaked 
comparatively less as compared to ZnO and CaOH sealers. Before reaching a definitive 
conclusion. this material requires further extensive exploration both clinically and In vitro . 
Bahasa Malavsla ...... 
......................................................................................................................... 
Pengisian dfdalam perawatan saluran akar bermaksud menempatkan rnateri yang mudah dibentuk 
kedalam rongga ataupun ruang yang semula terlsi oleh jaringan pulpa. Untuk keperluan tersebut 
blasanya digunakan gutta-percha dengan bennacam teknlk untuk menglsl slstlm saluran akar, dan 
apablla dikombinasl dengan kondensasllateral maka ianya merupakan teknik yang paling banyak 
serta ruas dlgunakan oleh para pakar perglglan. Kes kegagalan yang paling banyak terjadi didalam 
perawatan endodontik dapat dlsebabkan oleh kehflangan daya rekat dl sekitar apfkal gigi yang 
menyebabkan terjadinya kebocoran di apikal glgi. Hydroxyapatite (HA) adalah calcium phosphate 
ceramic slntetls yang paling berslfat tennodlnamls dan berlndlkasl untuk digunakan sebagai 
perekat karena dapat menutup lubang furkasi, memper1ihatkan blokompatibllltas dan juga 
mempunyai potensi untuk mempromosi proses kesembuhan tulang pada terapi endodontik. 
Tujuan dari penyelidlkan lnl adalah untuk menentukan kemampuan daya rekat HA produk dari 
Pusat Pengajlan Kejuruteraan Unlverslti Sains Malaysia (USM) apablla digunakan sebagal perekat 
dalam proses penglslan saluran akar. serta dibandlngkan dengan perekat perekat lain (sedia ada di 
pasaran) seperti Tubll-seal (berazas Zinc-Oxide) dan Sealapex (berazas Calcium Hydroxide) . 
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Empat puluh lima batang gigi anterior berakar tunggal dari paslen yang telah sedia dicabut 
dilakukan instrumentasi, seterusnya dibagi secara rambang kepada 3 grup yang masing maslng 
berisi 15 batang gigi. Kesemua gigi dalam grup eksperimen diisi gutta-percha dengan teknik lateral 
kondensasi. Gigi gigi datam ketompok pertama ditutup dengan perekat berazas Zino-Oxlde (ZnO) 
dan gigi gigl dalam kelompok ke dua ditutup dengan perekat berazas Calcium-Hydroxide (C&OH). 
Kelompok eksperimen ke tiga ditutup dengan HA produk dari Pusat Pengajian Kejuruteraan,USM. 
Kesemua gigi dalam kelompok eksperimen disuspensikan dalam 2 o/o methylen blue secara 
berasingan. Kernudian gigi glgi tersebut dilakukan deminerallsasi, dehldrasl dan penjemihan. 
Penetrasl pewama secara llnler ditentukan dengan bantuan lensa pembesar dengan pengamatan 
yang telah dikalibrasl. 
Anallsa statistik dari penetrasi wama ~cara linier dilaksanakan dengan test •Kruskal wams•. 
Sedangkan perbandlngan antara grup HA dengan grup ZnO dan grup HA dengan grup CaOH 
dianallsa dengan test a Mann-WhitneY' 
Hasll penyelidikan menunjukkan bahawa penetrasi wama yang terendah ada pada kelompok HA. 
dan secara statistik ada perbezaan yang bennakna diantara grup HA dengan grup ZnO, serta juga 
ada perbezaan bennakna diantara grup HA dan grup CaOH ( p< o.oo1 ). 
Keslmpulannya, HA yang di~mpuri dengan material berharga produk dari USM dapat pula 
digunakan sebagal materi penub.lp saluran akar apabila ianya digunakan bersama dengan resin 
epoxy,, karena mempunyal kadar kebocoran yang rendah blla dlbandingkan dengan grup ZnO dan 
grup caoH. Sebelum mencapai kesimpulan akhir. maka perlu dHakukan lnvestigasl yang leblh jauh 
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Oro up , Dye Penetration Stat. 
Median(IQR) Min.-Max. (dj) 
Zinc Oxide 15 2.0 (0.5) 1-3 
Calcium Hydroxide 15 2.0 (1.0) 1-3 
31.00 
(2) 
Hydroxyapatite 15 0.0 (0.5) 0-1 
a Kruskal Wallis test 
IQR=Interquartile range; Min. =Minimum; Max. =Maximum; 
<0.001 
Table 3 Comparison of dye penetration between Hydroxyapatite (BA) and others 
Comparison Z Stat P value8 
Zinc Oxide vs HA -4.76 <0.001 
Calcilun Hydroxide vs HA -4.77 <0.001 




Figl.Measurement of apical leakage in Tubli seal (ZnO base) 
Fig2. Measurement of apical leakage in Sealapex ( CaOH base ) 
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Fig3. Measurement of apical leakage in Hydroxyapatite 
In the present study, measurements of maximum linear dye penetration were made to 
quantify the relative leakage (Figs 1,2,3). Dye penetration data for all the three groups are 
summarized in Table 1. 
In group C teeth which were filled with laterally-condensed gutta-percha and 
hydroxyapatite (HA) sealer exhibited the lowest minimum-maximum (min-max) value of 
dye penetration. The min-max of dye penetration for group C(HA) was between 0-lmm. 
The rrlin-max of dye penetration for group A teeth which were filled with laterally-
condensed gutta-percha and zinc oxide (ZnO) base sealer was between 1-3 mm. The 
corresponding values for group B teeth which were filled with laterally condensed gutta-
percha and calcium hydroxide (CaOH) base sealer was also between 1-3 mm. Ten 
samples in group C (HA) showed no dye penetration whereas all samples in group A and 
B showed dye penetration. The comparison of the three study groups using Kruskal 
Wallis test (table 2) revealed that there were at least one significant difference among the 
study groups (p<0.001). 
Further Mann-Whitney test (post-hoe multiple comparisons between two groups) (table3) 
revealed that 1-iA. group 'has s)gffi\\can.cy ' eososet ~~e\l~\\~l't ~~m.v~,ce~ \'-' 1!.:~Cf). \)'1. ~:~~\\ 
groups (p<O. 001) 
DISCUSSION 
HA is one of the ceramic materials commercially used for orthopaedic and dental 
implants, and it forms the principal mineral component of bone and comprises 60 % to 70 
%of the calcified skeleton. It' s chemical composition is Ca Io(P04)6 (OH)2 and it has 
been produced synthetically since the early 1970's and used clinically for the last 20 
years. 12, 13 It has received considerable attention over the past two decades primarily 
because of it's excellent biocompatibility with hard tissueS.14' 15 and when placed in contact 
6 
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with viable bone, result in osteoconduction and osteointegration. 16,17 HA does not cause a 
chronic inflammatozy respons, toxic reactions or a foreign body giant cell reaction. 13 
Although HA is a promising implant material, the greatest stumbling block to if s wider 
application and utilization is the brittleness of the material and it's low strength for load-
bearing applications.18 Thus the material used in this study is the value added HA based 
material which were produced by a group of scientist at the School of Engineering 
Universiti Sains Malaysia (USM) in granules form. The pure HA has been added with 
zirconia and other additional components, hot pressed and then sintered at a temperature 
of 13000C, to increase the toughness and strength of HA ceramic. Composites formed by 
HA ceramic in combination with zirconia have been proven not to produce any local or 
systemic adverse reactions or any cytotoxix effects in various in vivo studies.19 This 
material showed no decrease in strength after ageing up to 1 year, which is in agreement 
with the study done by Shimizu et.al in 1993.20 
It has been recognized for decades that the ideal end result of root canal therapy would be 
a closure of the apical foramen with reparative cementum. The goals for stability of 
successful endodontic therapy are total obliteration of the canal and perfect sealing of the 
apical foramen at the dentino-cemental junction and accessory canals at locations other 
than t~e root apex with an inert, dimensionally stable and biologically compatible 
material. 21 According to Timpawat et.al, 22 endodontic sealers are used to eliminate the 
interface between the gutta-percha and the dentinal walls. Thus, the quality of the filling 
depends largely on the sealing capacity offered by sealers. 23•24 
From this study an average leakage values of Zn 0 base sealer and CaOH base sealer 
both were minimum of 1 mm to maximum of 3 mm. The lesser value of dye penetration 
shown by value added HA sealer in the present study may be because of the better sealing 
abilities of HA. One possible explanation for this observed difference may be that HA 
has ability to bind strongly with natural bone tissue25 ,and synthetic HA has the same 
chemical composition as biological HA and thus mimics many properties of natural 
bone.26As for epoxy-resin based endodontic sealers to the human dentin showed a higher 
capacity to attach to the dentinal walls than other endodontic sealers and provide bonding 
between it and gutta-percha points. 27Jiowever the exact mechanism by which HA is 
incorporation with epoxy resin, then can be function as a good root canal sealer in the 
present study remain far from clear. It would be necessary to carry out further studies in 
order to make a larger evaluation of these value added HA based endodontic materials as 
well as their potential benefits. The in vivo evaluation should be done to assess the 
reaction to this value added HA as compared to the pure HA. 
It can be concluded from this study that the value added HA based endodontic material 
which were produced by School of Engineering USM leaked comparatively less as 
compared to Zn 0 and CaOH sealer when it used in combination with epoxy resin 
7 
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ABSTRACT 
Obturation in root canal treatment consists of placing an inert filling material in the space 
previously occupied by pulp tissue.Gutta-percha is used with various techniques for obturation of 
the root canal system. Hydroxyapatite aJA) is the most thermodynamically synthetic calcium 
phosphate ceramic, and has indicated useful as a sealer because can seal a furcation perforation, is 
shown to be biocompatible and also has potential to promote the healing of bone in endodontic 
therapy. The objective of this study is to determine the sealing ability of HA produced by School 
of Engineering, Universiti Sains Malaysia (USM) when used as a sealer in root canal obturation, 
compare with Tubli-seal ( Zinc-Oxide base) and Sealepax ( Calcium Hydroxyde base } seal~~ 
Forty five single rooted human anterior teeth were instrumented and randomly divided ihto three 
experimental groups of 1 S teeth each. All teeth in the experimental groups were obturated with 
laterally condensed gutta percha technique. Teeth in the first group were sealed using Zinc-Oxide 
(ZnO) based sealer and those of second group using Calcium Hydroxide (CaOH) based root 
canal sealer. Third experimental group was sealed using HA from School of Engineering USM. 
Teeth were then suspended in 2% methylene blue. After this, teeth were demineralized 
dehydrated and cleared. Linear dye penetration was determined under magnifying lense wi$ 
calibrated eye piece.Statistical analyses of the linear dye penetration were performed with 
Kruskal Wallis test. As for the inter group comparison between HA and ZnO groups and between 
HA and CaOH groups were analysed by Mann-Whitney test. The dye penetration for group 
which were sealed with HA exhibited the lowest penetration and it showed that there was a 
statistically significant difference both between HA and ZnO groups and also between HA and 
CaOH groups (p<0.001).1n conclusion, it was found that value added HA based endodontic 
material which were produced by USM can be used as a root canal sealing materials when it used 
in combination with epoxy resin since it leaked comparatively less as compared to ZnO and 
CaOH sealers. Before reaching a definitive conclusion, this material requires further extensive 
exploration both clinically and in vitro. 
Key words: Apical seal, Endodontic sealers, Obturant, Methylsalicylate, Micro leakage 
Correspondence: Widowati, Department of Restorative Dentistry, School of Dental Sciences 
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INTRODUCTION 
Root canal obturation consists of pllfcing an inert filling material in the space previously occupied 
by pulp tissue. To achieve successful endodontic therapy, it is important to obturate the root canal 
system completely. 
Gutta-percha is used with various techniques for obturation of the root canal system. Throughout 
the years, a variety of techniques using gutta-percha have been developed for root canal fillings. 
These techniques include lateral condensation, Kloroperka, Chloropercha, warm vertical 
condensation, injectable thermoplasticized, Ultrafill, and Thermofil. Investigators have evaluated 
the apical seals obtained by these various gutta-percha filling techniques.' 
Lateral condensation remains the most widely accepted and used obturation technique.2 As a 
result, all other techniques are compared to it to evaluate success. This study will also use lateral 
condensation for root canal obturation. In root canal obturation various materials have been 
proposed. The most frequent material used is gutta percha in combined with a root canal sealer. A 
root canal sealer must have ideal properties to be used for root canal obturation. Biocompatibility 
and sealing ability are fundamental to promote apical and periapical tissue repair.3 Many 
materials are used for root canal sealer, but none of the available sealer consistency prevents 
leakage.4· The hermetic sealing of the root canal space is one of the objectives in root canal 
therapy. 5 
The most common cause of failure involving endodontic therapy can be attributed to the lack of 
an apical seal leading to leakage at the apex. Effective endodontic obturation thus, must provide a 
dimensionally stable,inert fluid tight apical seal that will eliminate any portal of communication 
between the canal space and the surrounding periapical tissues through the apical foramen.6 
Hydroxyapatite is the most thermodynamically stable synthetic calcium phosphate ceramic.7 A 
calcium phosphate cement has indicated that is useful as a sealer because can seal a furcation 
perforation, is shown to be biocompatible and also has potential to promote the healing of bone in 
endodontic treatment. 8 Recently, most of the sealers commonly used contains zinc oxide or 
calcium hydroxide as a base ingredient of the powder.9 
The present study was thereby designed to determine the sealing ability of hydroxyapatite when 
used as a sealer in root canal obturation, compare with Tubli-seal (zinc-oxide base) and Sealapex 
(calcium hydroxide base). Therefore, it would be interesting to examine whether or not 
hydroxyapatite is able to act as a root canal sealer. The rationale is that if adequate sealing is 
obtained, this material has the potential to be clinically useful. 
MATERIALS AND METHOD 
This study was designed to evaluate the in vitro sealing abilities of endodontic materials. The 
following materials were selected and grouping for the study. 
A)Tubli_Seal ™ sealer ( SybronEndo, Kerr/USA) a zinc-oxide based root canal sealer 
B)Sealapex ™ sealer ( SybronEndo, Kerr/USA) a calcium hydroxide based root canal sealer 
.. _ 
C)Hydroxyapatite (HA) (from School of Engineering, Universiti Sains Malaysia ) and were 
mixed with epoxy resin (Dentsply, DeTrey). This type of HA were used as part of a larger 
study (not yet published) in many fields and clinical trials. 
~ 
The study was carried out in_ vitro on forty-five extracted human single rooted, noncarious 
anterior teeth which were collected from the outpatient department of oral and maxillofacial 
surgery, School of Dental Sciences, Universiti Sains Malaysia. All external debris was removed 
with an ultrasonic scaler. 
All teeth randomly divided into 3 groups each is 15 teeth, group A, group B and group C sealers 
(as mentioned above). The crown were separated from the root until the length of the roots were 
14 nun and store in saline. The pulps were broch and the root canals were prepared by Step-back 
technique with working length 13 mm until no:80 file with Master Apical File (MAF) no SO. 
After the use of each instrument (file), the root canals were irrigated with lml H202 3% and I ml 
NaOCl 2.5% and dry with paper point and ready for root canal filling. The sealer were mixed 
according the manufacture's directions. Hydroxyapatite granules were mixed up with epoxy resin 
liquid for hardener. The sealer was put along the lentulo plugger and coated to the inner walls of 
the canal by moving lentulo plugger clockwise according the groups, group A, group ·s and group 
C. One third apical of gutta percha master cone (no.SO) was coated with sealer and seat in the 
canal to the full working length. The canal were obturated with lateral condensation technique. A 
finger spreader was inserted into the root canal to a level that was - 1 mm short of the working 
length. The root canal Vl(as filled with accessory cones until the entire canal was obturated. The 
access cavities of teeth in all groups were then filled with Poly-F cement and Caviton, and then 
the root were iriunersed in saline solution for 4 weeks at 37°C. After storage, the roots were 
double coated with nail polish, with the exception of the apical 2 mm. Specimens used for the dye 
leakage test were placed in 2% methylene blue solution ( 37 C, pH & ) for 48 hours. The roots. 
were then taken from the dye solution, remove the nail polish with le crown mesh, washed and 
dried with compressed air. The depth of dye penetration were evaluated with clearing method.10 
All the teeth were immersed in HN03 5% for 72 hours for teeth demineralized. HN03 was 
changed with the fresh one every 24 hours. The teeth were then placed in alcohol 96% for 48 
hours for teeth dehydration, and every 24 hours alcohol was changed with the fresh one. The final 
stage was clearing.10 All the teeth were placed in methyl salicylate, until dye penetration were 
able measured visually. Apical leakage was measured from the apex to the most coronal extent of 
dye penetration (fig1, fig 2 and fig 3). Linear dye penetration was measured under magnifying 
Iense with calibrated eye piece and analyse by Kruskal Wallis test. The intergroup comparison 
between hydroxyapatite and zinc oxide groups and between hydroxyapatite and calcium 
hydroxide groups were analysed by Mann-Whitney test. P<O.OS was considered statistically 
significant. SPSS 12.01 for windows 11 ,was used for data analysis. 
RESULTS 
Table 1. Amount of dye penetration in group A, B and C 
Specimen Amount of dye penetration ( in mm ) 
No of Group A GroupB Groupe 
each group Tubli Seal Sealapex 
(zinc oxide base) (calcium hydroxide) (Hydroxyapatite) 
1 2 2 0 
2 1.5 1 0 
3 2.5 1.5 0 
4 2 2.5 1.0 
5 2 3 0 
6 1 1.5 0 
7 2 3 0 
8 3 2 0 
9 1.5 3 0 
10 2 2 0.5 
11 3 2 0.5 
12 2 3 0 
13 1 3 0.5 
14 2 2 0 
15 2 3 0.3 
Min-Max 1-3 1-3 0-1 
Median (IQR) 2.0 (0.5) 2.0 (1.0) 0.0(0.5) 
Group n 
(dj) 
Zinc Oxide 15 31.00 
Calcium Hydroxide 15 1-3 (2) 
<0.001 
Hydroxyapatite 15 0-1 
a Kruskal Wallis test 
IQR=Interquartile range; Min.=Minimum; Max.=Maximum; 
Table 3 Comparison of dye penetration between Hydroxyapatite (HA) and others 
Comparison Z Stat 
Zinc Oxide vs HA -4.76 




a Mann-Whitney test; P value is adjusted using Bonferroni procedure for multiple comparison 
Fig ! .Measurement of apical leakage in Tubli seal (ZnO base) 
Fig2. Measurement of apical leakage in Sealapex ( CaOH base ) 
Fig3. Measurement of apical leakage in Hydroxyapatite 
In the present study, measurements of maximum linear dye penetration were made to quantify the 
relative leakage (Figs 1 ,2,3). Dye penetration data for all the three groups are summarized in 
Table 1. 
In group C teeth which were filled with laterally-condensed gutta-percha and hydroxyapatite 
(HA) sealer exhibited the lowest minimum-maximum (min-max) value of dye penetration. The 
min-max of dye penetration for group C(HA) was between 0-1 mm. The min-max of dye 
penetration for group A teeth which were filled with laterally-condensed gutta-percha and zinc 
oxide (ZnO) base sealer was between 1-3 mm. The corresponding values for group B teeth which 
were filled with laterally condensed gutta-percha and calcium hydroxide (CaOH) base sealer was 
also between 1-3 mm. Ten samples in group C (HA) showed no dye penetration whereas a ll 
samples in group A and B showed dye penetration. The comparison of the three study groups 
using Kruskal Wallis test (table 2) revealed that there were at least one significant difference 
among the study groups (p<O.OOl). 
Further Mann-Whitney test (post-hoe multiple comparisons between two groups) (table3) 
revealed that HA group has significancy lesser penetration compared to ZnO or CaOH groups 
(p<O.OOl) 
DISCUSSION 
HA is one of the ceramic materials commercially used for orthopaedic and dental implants, and it 
forms the principal mineral component of bone and comprises 60 % to 70 % of the calcified 
skeleton. It's chemical composition is Ca 1 O(P04)6 (OH)2 and it has been produced synthetically 




It has received considerable 
attention over the past two decades primarily because of it's excellent biocompatibility with hard 
tissues. 14•15 and when placed in contact with viable bone, result in osteoconduction and 
osteointegration. 16•17 HA does not cause a chronic inflammatory respons, toxic reactions or a 
foreign body giant cell reaction.
13 
Although HA is a promising implant material, the greatest 




low strength for load-bearing applications.18 Thus the material used in this study is the value 
added HA based material which were produced by a group of scientist at the School of 
Engineering Universiti Sains M:Maysia (USM). The pure HA has been added with zirconia and 
other additional components, hot- pressed and then sintered at a temperature of 1300°C, to 
increase the toughness and strength of HA ceramic. Composites formed by HA ceramic in 
combination with zirconia have been proven not to produce any local or systemic adverse 
reactions or any cytotoxix effects in various in vivo studies.19 This material showed no decrease in 
strength after ageing up to 1 year, which is in agreement with the study done by Shimizu et.al in 
1993.20 
It has been recognized for decades that the ideal end result of root canal therapy would be a 
closure of the apical foramen with reparative cementum. The goals for stability of successful 
endodontic therapy are total obliteration of the canal and perfect sealing of the apical foramen at 
the dentino-cemental junction and accessory canals at locations other than the root apex with an 
inert, dimensionally stable and biologically compatible materiaL21 According to Timpawat et.al, 22 
endodontic sealers are used to eliminate the interface between the gutta-percha and the dentinal 
walls. Thus, the quality of the filling depends largely on the sealing capacity offered by 
sealers. 23,24 
From this study an average leakage values of Zn 0 base sealer and CaOH base sealer both were 
minimum of 1 mm to maximum of 3 mm. The lesser value of dye pene1ration shown by value 
added HA sealer in the present study may be because of the better sealing abilities of HA. One 
possible explanation for this observed difference may be that HA has ability to bind strongly with 
natural bone tissue25 ,and synthetic HA has the same chemical composition as biological HA and 
thus mimics many properties of natural bone. 26 As for epoxy-resin based endodontic sealers to the 
human dentin showed a higher capacity to attach to the dentinal walls than other endodontic 
sealers and provide bonding between it and gutta-percha points.27However the exact mechanism 
by which HA is incorporation with epoxy resin, then can be function as a good root canal sealer 
in the present study remain far from clear. It would be necessary to carry out further studies in 
order to make a larger evaluation of these value added HA based endodontic materials as well as 
their potential benefits. The in vivo evaluation should be done to assess the reaction to this value 
added HA as compared to the pure HA. 
It can be concluded from this study that the value added HA based endodontic material which 
were produced by School of Engineering USM can be used as a root canal sealing materials when 
it used in combination with epoxy resin since it leaked comparatively less as compared to Zn 0 
and CaOH sealers. Before reaching a definitive conclusion this material requires further extensive 
exploration both clinically and in vitro. 
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